Medial opening wedge high tibial osteotomy (MOWHTO) is an effective method for the treatment of osteoarthritis confined to the medial side of the knee joint with varus axial malalignment. We experienced a case of pseudoaneurysm of the popliteal artery after MOWHTO inflicted by a drill bit. To our knowledge, there has been no report of injury of the popliteal artery due to drilling with a drill bit during MOWHTO for screw fixation of the lock ing plate. We postulate the mechanism of this vascular injury and describe the clinical features and management.
parallel to the posterior tibial slope in a direction from 3.5 cm distal to the medial joint line to 1.5 cm distal to the lateral joint line. The leg was held in a slight flexion position (about 30°) dur ing the osteotomy, drilling, and screw fixation. An oscillating saw was only used to cut the entry of the near cortex, and osteotomes were used for the rest of the procedure. To prevent a fracture of the lateral cortex, the osteotomy was stopped 5-10 mm before reaching the lateral cortex 1) . A fulcrum was made to open the osteotomy site, and the gap was slowly widened by inserting 3-4 chisels. A bone spreader was inserted deep into the osteotomy site; during the spreading process, a lat eral cortex fracture developed unintentionally. While maintain ing the gap by inserting a metal block in the medial cortex, the locking plate (OhtoFix; OhtoMedical Co., Goyang, Korea) was used for fixation. The tourniquet was decompressed to confirm the presence of a vascular injury. Upon confirming that there was no prominent bleeding, bone grafting with bone chip allograft was performed to complete the operation (Fig. 1B and C) .
Dorsalis pedis and posterior tibial pulses and ankle dorsiflexion were normal in the recovery room immediately after the opera tion. The patient was in a bed rest state and did not complain of any abnormalities until the second night of operation. On the 
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third postoperative day, at 7:00 am, the patient complained of motor weakness (ankle dorsiflexion M1 and great toe extension M1) and paresthesia of the dorsum of the foot and web space between the great toe and the second toe. Compression bandage was removed immediately, and prominent swelling was observed in the popliteal fossa. Pulsation was felt inside the swelling site. Pallor or poikilothermia of the distal portion was not observed, but dorsalis pedis and posterior tibial pulses were not palpable. It was suspected that compartment syndrome and peroneal nerve palsy symptoms occurred due to a vascular injury. An emergency vascular computed tomography (CT) revealed a pseudoaneu rysm due to popliteal artery tearing, which was surrounded by the gastrocnemius muscle. There was a contrast filling defect due to a thrombus but the distal flow was partially preserved ( Fig.  2A ). Emergency fasciotomy and hematoma evacuation and explora tion were done immediately in cooperation with vascular sur geons. The popliteal artery was separated and the proximal end was located at the mid popliteal fossa (Fig. 2B) . The distal arterial stump was embedded in the interosseous membrane. The proxi mal and distal stumps were dissected carefully for anastomosis. The ipsilateral great saphenous vein at the knee joint level was harvested for interposition graft. Distal and proximal anastomo sis was done with 7-0 prolene. After surgery, visualization of the distal tibial artery was significantly improved on CT angiography ( Fig. 2C and D) . We retrospectively reviewed the preoperative MRI and postop erative CT to determine the cause of popliteal artery pseudoan eurysm. There was no proximal screw protruding the far cortex on the postoperative CT. However, another drilled hole with no inserted screw was heading the popliteal artery and it was con firmed that it was extending beyond the posterior cortex (Fig.  3A-C) . After drilling of the proximal hole and locking screw insertion, the plate had not been aligned with the bone contour, so we repositioned the plate after screw removal. Compared with the position of the popliteal artery at the same level on the pre operative MRI, it was found to be very close to the drilled hole of the posterior cortex; thus, we conjectured it was caused by drill ing. CT angiography at 8 months postoperatively showed that blood flow was maintained without obstruction of the graft site (Fig.  4A) . Dorsiflexion of the ankle was gradually recovered to grade M3, but paresthesia symptoms remained in the dorsum of the foot. There was no pain at the operation site, and walking was A B possible using a cane. There was no evidence of nonunion of the bone graft site on the radiographs and the mechanical axis of the lower limb was maintained without reduction of the correction angle (Fig. 4B ).
Discussion
Injury of the popliteal and anterior tibial arteries is a rare com plication of HTO 24) . In addition, most of the injuries of the pop liteal and anterior tibial arteries occur during lateral close wedge HTO 2) . Several cases of vascular injuries were reported following MOWHTO, which was due to the use of an osteotome 3, 4) or an oscillating saw for tibial osteotomy 5) . However, there has been no report of injury of the popliteal artery due to drilling during screw fixation of the locking plate after the osteotomy.
The popliteal artery is farthest from the posterior tibia at 90° of knee flexion, and it is generally recommended that osteotomy should be performed at 90° knee flexion position 3, 6, 7) . However, this method does not guarantee complete protection, since rup ture of the dorsal artery may occur even at sufficient knee flexion position above 90°3 ,5) . Kim et al. 6) recommended that the saw an gle be kept as flat as possible; different saw angles were compared against the coronal plane in the cadaver knees and angles greater than 30° could cause damage to the dorsal arteries. Tourniquet pressure was released to control the bleeding before wound clo sure. Severe bleeding should be suspected of vascular damage, and diagnosis should be done immediately. Therefore, it is advis able to decompress the tourniquet before wound closure to evalu ate the amount of bleeding 3) . Bernhoff and Bjorck 4) analyzed 21 iatrogenic popliteal artery injuries during nonarthroplasty knee surgery. Nine injuries were detected intraoperatively, five within 12-48 hours and seven >48 hours postoperatively. In addition, the prognosis was poorer when there was a delay of diagnosis and treatment. In this patient, popliteal arterial injury was found within 3 days after surgery even though there was no hemor rhage after tourniquet decompression after osteotomy. However, rapid vascular surgery was performed after the diagnosis, and fortunately, the results were relatively good. Pseudoaneurysm arises from a disruption in the continuity of the arterial wall. The effect of arterial pressure on arterial pressure creates a perfused sac that communicates with the arterial lumen. The perfused sac is simply contained by the media or adventitia or simply by soft tissue structures surrounding the damaged ves sel 8) . A localized audible bruit or pulsating mass may be present. Ischemia of the surrounding tissues due to vascular compromise may result in necrosis of the overlying skin. Neurological symp toms may develop secondary to nerve compression or ischemia. Duplex ultrasonography, CT angiography, and MRI are useful for diagnosis and treatment planning 9) . Depending on the nature of the pseudoaneurysm, various treatments such as coiling, throm bin injection, endtoend anastomosis, graft placement, and bypass may be selected 4, 10) . In our patient, the pseudoaneurysmal cyst was already torn and the proximal and distal portions were separated when the popliteal artery was exposed, and saphenous vein interposition graft was selected as the treatment method.
It is important to note that the occurrence of neurovascular injury during MOWHTO can lead to fatal outcomes. In order to minimize posterior neurovascular injury, the osteotomy site should be carefully selected. In addition, it is preferable not to drill the far cortex in the proximal part of the osteotome site when a drill bit is used, and the position of the metal plate should be positioned posteromedially as much as possible. Furthermore, it is important to check for bleeding after tourniquet decompres sion to confirm the absence of a vascular injury, but pseudoan eurysms that may occur with delayed presentation should not be overlooked.
